Temperature and salinity observations were made with a Plessey 9400 CTD system. Water samples were collected for nitrate, phosphate, silicate, and dissolved oxygen. The sampling depths were at 100-m intervals from the surface to the bottom of the profile, with an additional sample at 50 m.
Further descriptions of data calibration and reduction are given by Atkinson [1983] .
METHODOLOGY

Empirical Search Techniques
The aim of the analysis techniques used in this paper was to estimate the depth-dependent velocity field throughout the array of hydrographic stations over the Blake Plateau. Hydrographic data have been routinely used to estimate the current component normal to the line between two stations by assuming geostrophy and a level of no motion in the dynamic calculation. More recently, acoustic doppler current meter profilers (ADCPs) have been used to provide upper layer velocities during hydrographic cruises. Since this technology was not developed at the time of the hydrography cruise discussed here, we chose to use the empirical search technique developed by Fiadeiro and Veronis [1982, 1983 ] to obtain a reference surface for the geostrophic calculation. The technique, which is discussed in detail in these papers, is designed to avoid the ad hoc assumption of a level of no motion by providing an empirical estimate that is consistent with mass conservation and geostrophy. The empirical search methodology requires several assumptions to be valid in the particular case being studied. It is assumed that an array of hydrographic stations can be constructed such that the net flow out of the enclosed "box" is zero, satisfying the continuity equation. It is also assumed that the hydrographic stations constitute a synoptic set and that geostrophy is valid. Finally, a reference level of no motion, which may be either a depth or a particular isopycnal surface [Fiadeiro and Veronis, 1982 ] is assumed to exist within the "box." An enclosed box may be formed entirely from hydrographic stations [Fiadeiro and Veronis, 1983 ], or coastal boundaries may be used to provide partial closure of the box [Fiadeiro and Veronis, 1982] . The technique finds the reference level by evaluating the net volume transport into the closed box for a range of plausible reference levels. The optimum reference level is considered to be that which produces the minimum mean square transport residual.
To apply this technique to hydrographic data, conservative layers are identified using water mass analysis. Conservative layers are layers whose volume-integrated properties such as density, temperature, and salinity are assumed to be invariant with time, implying that there are no fluxes of these properties between layers. The data are interpolated onto an evenly spaced vertical grid and extrapolated to the ocean bottom. Boxes are formed from the stations, and geostrophic The best empirical estimate will not satisfy mass constraints perfectly [Fiadeiro and Veronis, 1982] . Errors are introduced by the measurement errors in the hydrographic data and station positions, the extrapolation techniques used to synthesize hydrographic data to the full depth of the water column, the lack of synopticity of the data set, and the assumption of geostrophy. The latter two sources cannot be evaluated in the present study; however, the noise level on estimates of Tr 2 resulting from the first two error sources will be discussed in the following section. If the minimum Tr 2 is greater than this noise level, the mass flux divergence can be minimized by the addition of a spatially dependent barotropic flow. This barotropic correction can be estimated by the inverse method to bring the transport imbalance within the limits set by the sampling errors.
Error Analysis
As was discussed above, the empirical search technique finds the optimum level, either in depth or density, at which Tr 2 is a minimum for a particular data set. To determine a criterion for acceptable Tr 2 values (data that require no Large, coherent barotropic flows through the system may not be accounted for by this method. Roemmich [1981] discusses this situation using a model where two hydrographic sections run from a coastline to a common point in the mid-ocean. Many station pairs are assumed to exist but two have identical depth and layer thickness. He states that the solution elements will, by symmetry, be equal in terms of the mass flux constraints. If the station pairs are located on different sections and an arbitrary, large mass flux passes through them, the flux will not be determined by this method if it is the same at the two station pairs. This flow can be accounted for by further constraining the model with measured data anywhere on the perimeter of the box.
APPLICATION TO THE BLAKE PLATEAU
To apply these methods to the Blake Plateau, conservative layers were identified and closed regions formed from the hydrographic data. Details of these procedures, the extrapolation of data from the maximum common sample depth to the average bottom depth between stations, and the application of the empirical search and inverse techniques to the Blake Plateau data set are discussed below. solved all the volume flux into a closed region; that is, no significant flux into the sample box took place above or below the box. As a result, if the hydrographic profiles did not reach the bottom, it was necessary to extrapolate the data so that this constraint was satisfied. Over the plateau, hydrographic data were collected to within a few meters of the bottom except at the most seaward stations, where the flow beneath the lower sampling limit of the CTD was assumed to be negligible. Hence it was only necessary to extrapolate the maximum common sample depth to the average common bottom depth between station pairs for the calculation of relative geostrophic velocities. The extrapolation scheme, used by Holmann and Worley [1986] , locates the density value at the maximum sample depth of the shallower station in the density profile of a deeper station along the hydrographic section. The deeper portion of the density profile is then added to the profile at the shallower Regardless of the scheme chosen, these methods do not work well in regions of sharply sloping topography and strong currents [Fiadeiro and Veronis, 1983] . Hence the extrapolation of data at stations located over the continental slope is likely to produce questionable results. In this data set the scheme was forced to extrapolate over at least half the depth of the water column between station pairs over the strongly sloping bathymetry on the inshore side of the plateau (for example, stations 92 and 94 in Figure 2 ). Since the currents and anomalous hydrographic properties associated with the Gulf Stream extend to the seabed in this region (station 92), there is potential for considerable error arising from this extrapolation technique. We have therefore excluded these stations from the closed regions (boxes) that were formed for the empirical search procedure (see Figure  2) . Consequently, the Gulf Stream was only partially resolved in the following analyses. 
Empirical Search and Inverse Techniques
The empirical search was applied to all of the boxes in Table 2 : in boxes 1 and 2 they are greater than the maximum allowable error; hence the inverse correction was applied to these boxes. For analytical consistency, the correction was also applied to boxes 3 and 4.
RESULTS
Vertical sections of cross-transect velocity obtained from the empirical search and inverse techniques were used to identify circulation features over the Blake Plateau. Transport streamlines, constructed from the depth-integrated velocity fields provided an additional view of this circulation.
Velocity Sections
Velocity sections from box 1, over the southern plateau, are shown in Figures 6a and 6b 
Transport Streamlines
The nature of the circulation over the Blake Plateau was determined by calculating transport streamlines from the 
MCCLEAN-PADMAN AND ATKINSON: RING-GULF STREAM COALESCENCE EVENT
Comparisons With Earlier Studies
The velocity fields and associated transport streamlines discussed above provided one realization of the circulation over the Blake Plateau during September 1980. Of particular interest was the cyclonic circulation centered at 30øN, 78øW. Such a feature has been observed previously by Richardson et al. [1978] . In that study they chose to use the topography of the 15 ø isotherm to describe the Gulf Stream and its rings. Using expendable bathythermograph (XBT), CTD, and hydrographic data collected over the period March 16 to July 9, 1975, they constructed the 15 ø surface seen in Figure la of Richardson et al. [1978] . An elevation of the 15 ø surface is dynamically "low" and a depression of this surface is dynamically "high." They considered the ring to be attached to the Gulf Stream and possibly coalescing with it.
Similarly, we constructed a chart of the topography of the 15 ø isotherm for our study period (Plate 2). In our figure, the 15 ø surface inside the cyclonic feature occurred at approximately 500 m. Cheney and Richardson [1976] Gulf Stream-ring coalescence events have been observed in detail further north of the Blake Plateau [Richardson, 1980] ; however, over the plateau, no detailed mapping of such an event had taken place. This study has provided a realization of the circulation during these events and has implicated topography as a important factor influencing the circulation. Observations of meanders and their governing dynamics have been well documented on the western side of the Gulf Stream; here we have described and explained a meander of the eastern side of the Gulf Stream. These analyses have provided us with one example of a coalescence event; a numerical simulation of the region with realistic topography, as well as further sampling programs, would allow a more detailed analysis of these events and elucidate the role of topography.
